Introduction
Worldwide, the prevalence of obesity in children is increasing at an alarming rate and pediatric obesity is an important risk factor for adult obesity, hypertension, and type 2 diabetes [1] . Many of the metabolic and cardiovascular complications of obesity are already present in childhood [2] . About one-third of obese children are hypertensive and/or hyperinsulinemic [3] . Hyperinsulinemia and obesity [4] are correlated with increased blood pressure in children and adults, but the mechanisms remain unclear [5] .
The adipocyte-derived hormones resistin, adiponectin, and leptin may play a role in the development of hypertension and/or insulin resistance (IR), but the data in humans are equivocal, and nearly all studies have been done in adults [6, 7] . Although several adult studies have reported associations between resistin, obesity, and insulin resistance [8] , studies in children have so far not confirmed this relationship [9] . In adults, lower circulating adiponectin is associated with obesity, type 2 diabetes, and cardiovascular disease risk [10] . Among children, similar inverse associations with BMI and insulin resistance have been reported [9] , but not all studies agree [11] .
There are few studies on dietary determinants of blood pressure, insulin resistance, and resistin, adiponectin, or leptin concentrations in normal and overweight children, and their data are inconsistent [3] . In adults, dietary fat intake has been linked to insulin resistance independent of body weight [12] , but pediatric studies have focused on carbohydrate and not fat intake [13] . Studies on diet in childhood hypertension have mainly focused on sodium or calcium intake [14] , rather than on macronutrients. An adolescent study reported correlations between carbohydrate and fat intake and leptin [15] , but studies in younger children did not [16] . There are no published data correlating nutrient intakes and resistin or adiponectin concentrations in children.
Therefore, the aim of this study was to investigate dietary determinants of blood pressure, insulin resistance, and leptin, resistin, or adiponectin concentrations, and the interrelationship among these variables, in 6-to 14-year-old normal and overweight children.
Subjects and methods
The subjects for this study were a convenience sample of 6-to 14-year-old children (n=79), living in northern Switzerland. They were recruited through letters to primary schools and pediatric clinics. We intended to enroll 25 normal weight, 25 overweight, and 25 obese children for the study. The required sample of 25 children per group was calculated based on the report of a 50 % difference in resistin levels between obese and normal weight adults [17] , a power of 0.9, and a significance level of 0.05. Data on dietary determinants of inflammatory markers in this group of children has been reported previously [18] . Informed written consent was obtained from the parents and informed oral assent from the children. Ethical approval for the study was obtained from the Ethics Committee of the ETH Zurich.
The childs diet was assessed using two 24-hour recalls and one 1-day weighed food record. The 24-hour recalls were completed by well-trained female interviewers during two visits in the family home. At the first visit the interviewer gave instructions and guidelines to the child and the parents for the one-day weighed food record. For the younger children the parents were advised to do the weighing themselves. For the older children parents were left the choice of supervision, but were asked to supervise the child during weighing. At the second visit, the one-day food record was carefully reviewed, and a questionnaire on physical activity was completed with the child, which asked information on time the children spent watching TV or playing computer games. The estimation of volumes and portion sizes for the 24-hour recalls was done using measuring cups and spoons, photographs of food portions, and graduated food samples of cheese and bread. Overall two weekdays and one weekend day were analyzed for each child. Combining 24-hour recalls and a food record provides a good overview of a childs habitual diet, and a similar method has been validated in children as young as 8 years of age [19] . An appointment was scheduled at the hospital clinic within 1 -2 weeks of the dietary assessment.
The children presented to the hospital clinic in the morning after a 12-hour overnight fast, accompanied by a parent. Twelve mL of blood -2 mL into EDTAcontaining tubes-was taken by venipuncture. Height was measured to the nearest 0.5 cm and weight to the nearest 100 g using a digital balance (Beurer BF 18, Ulm, Germany). Waist and hip circumferences were measured using a non-stretchable measuring tape. Waist circumference was measured midway between the margin of the lowest rib and the iliac crest and the hip circumference at the point yielding the maximum circumference over the buttocks [20] . Pubertal staging was done using illustrations of the different gender-specific Tanner stages (breast and genital development) shown to the family [21] . Skinfold thickness was measured at two sites, triceps and subscapular, using a Harpenden Skinfold Caliper (HSK-BI; British Indicators, West Sussex, United Kingdom) with a constant spring pressure of 10 g/mm 2 and a resolution of 0.2 mm. Anthropometric and body composition measurements were performed by two trained investigators in all study participants.
Blood pressure was measured according to 2004 guidelines from the National High Blood Pressure Education Program (NHBPEP) Working Group on Children and Adolescents [22] . Before measurement of blood pressure, the child had been sitting quietly for 15 minutes, and was seated in bed with the right arm supported and the cubital fossa at heart level. Blood pressure was measured by auscultation, using a standard sphygmomanometer of an appropriate cuff size, by placing a stethoscope over the brachial artery pulse below the bottom edge of the cuff. Systolic blood pressure was determined by the onset of the first Korotkoff sound (K1), and diastolic blood pressure by the disappearance of the Korotkoff sounds. Prehypertension and hypertension were defined according to the criteria of the NHBPEP Working Group on High Blood Pressure in Children and Adolescents [22] . Prehypertension was defined as either systolic blood pressure (SBP) or diastolic blood pressure (DBP) above the 90 th percentile and hypertension as either SBP or DBP above the 95 th percentile.
Data analysis
The dietary data from the three records were reviewed by the lead investigator (I.A.) and then entered into a nutrition software system (EBISpro for Windows 4.0, Dr. J. Erhardt, University of Hohenheim, Germany). This system translates the amount of food eaten into individual nutrients and assigns foods into 22 food groups. The program is based on the German Food and Nutrition Data Base BLS 2.3 (Federal Health Department, Berlin, Germany), and, for foods specific to Switzerland, incorporates values from the Swiss Food Composition Database [23] . Energy and nutrient data were averaged across the three days to obtain a mean daily energy and nutrient intake for each child. The reference values for nutrient intake for Germany, Austria, and Switzerland, the D-A-CH references [24] , were used for comparison of the actual intake to the recommendations for the respective age groups.
Body mass index (BMI) of the children was calculated as weight (kg)/height (m) 2 . BMI standard deviation scores (BMI-SDS: individual BMI valuereference mean BMI value divided by SD) were calculated to scale the data for comparison across ages and sex and were used in the analysis. The population of the CDC 2000 growth charts was used as reference population (www.cdc.gov/growthcharts).
Age-and gender-specific criteria from the U.S. Centers for Disease Control and Prevention (CDC) [25] were used to classify children as normal weight, overweight (above the 85 th percentile and below the 95 th percentile), or obese (above the 95 th percentile). These criteria have been validated previously in Swiss children in this age range [26] . Body fat percentage was calculated using the equation of Lohman [27] .
Laboratory analysis
The blood samples were centrifuged for 15 minutes at 2500 rpm. Glucose was measured immediately on EDTA-plasma using reflection photometry (Reflotron Sprint, Roche, Switzerland and glucose hexokinase). Serum was stored at -208C for later determination of insulin (using radioimmunoassay, SCHERING (Schweiz) AG, Baar, Switzerland), resistin, and adiponectin (using ELISA, Quantikine human Resistin/human adiponectin Immunoassay, R&D Systems, Minneapolis, USA) and leptin (using ELISA, Leptin (human) ELISA Kit, BioVender, Alexis Biochemicals, Lausen, Switzerland). The quantitative insulin sensitivity check index (QUIK-KI), a mathematic model used to estimate insulin sensitivity, was calculated as follows: QUICKI = 1 / (log(fasting insulin mU/L) + log(fasting glucose mg/dL)) [28] .
Statistical analysis
Statistical analysis was performed using the statistical package SPSS 13.0 for Windows (SPSS Chicago, Illinois, USA). Non-normally distributed variables were log-transformed for comparisons. One-way ANOVA with a post-hoc Bonferroni correction was used to compare means. Multiple regression and analysis of covariance (ANCOVA) were used to study the effect of nutritional intake on fasting resistin, adiponectin, leptin, blood pressure, fasting insulin, and QUICKI. Because the association between BMI SDS and leptin and fasting insulin concentrations, as well as QUICKI, were not linear over the entire sample, but showed good linearity when the children were separated into normal weight and overweight/obese groups by BMI-SDS, regressions of BMI-SDS and fasting insulin and leptin concentrations and QUICKI were performed separately for the normal weight and overweight/obese groups. All regressions were controlled for confounding factors such as BMI-SDS, age, gender, puberty, and physical activity as well as total energy intake for the calculations including dietary factors, and they were entered in the equations as covariates where necessary.
Results
Anthropometric and metabolic characteristics of the children (n=79), by weight classification, are shown in Table I . Pubertal staging indicated 48 children were Tanner stage 1, 28 were Tanner stage 2, and only 3 were Tanner stage 4. Compared to normal weight children, fasting insulin and leptin concentrations, SBP, and mean arterial pressure (MAP) were significantly increased, and QUICKI significantly decreased, in the obese children (p<0.05). In the overweight children, only leptin concentrations were significantly increased compared to the normal weight children (p<0.05). Median resistin concentration was 26 % higher in obese compared to the normal weight children, but this was not statistically significant. Adiponectin concentrations did not differ significantly between the groups. In the overweight and obese groups, over 40 % of children had blood pressures that were prehypertensive and/or hypertensive.
Daily intakes of energy, macronutrients, and different food groups, by weight classification, are shown in Table II . Energy intakes did not differ between the groups and were approximately 92 % of recommended intakes by age [24] . In all three groups, %35 % of energy came from fat. Intakes of protein and meat were significantly greater in the obese children compared to the normal weight children (p<0.05). Intakes of percentage energy as protein were greater in the overweight and obese children compared to the normal weight children (p<0.05). There was a nonsignificant trend toward lower intakes of fiber (p=0.086) in the obese children compared to the normal weight children.
There was a significant increase in SBP and MAP and a decrease in adiponectin with age, and fasting leptin concentrations were higher in females than in males (p<0.01). DBP, QUICKI, fasting insulin, and resistin concentrations were not age-or gender-dependent. The three measures of adiposity [BMI-SDS, body fat %, and waist/hip (W/H ratio)] were significant predictors of SBP, MAP, QUICKI, fasting insulin, and leptin concentrations (p<0.01) (see Table  III ). In univariate regressions and after controlling for BMI-SDS, fasting insulin (standardized coefficient b=0.472, p=0.015), QUICKI (b=-0.406; p=0.037), and leptin (b=0.498; p=0.014), but not resistin or adiponectin, were significant predictors of SBP in the overweight group, but not in the normal weight children. The three measures of adiposity (BMI-SDS, body fat %, and W/H ratio) were not significant predictors of resistin or adiponectin concentrations, although there was a trend towards BMI-SDS as a predictor of resistin (p=0.07) ( Table 3) . Table IV shows the regression coefficients between intakes of energy, macronutrients, and food groups and SBP and adiponectin in all children, and QUICKI, fasting insulin, and leptin concentrations in the normal weight children, after adjusting for BMI SDS and/or age or gender. Intakes of total fat and saturated fat (SFA) were significant predictors of SBP, fasting insulin, and QUICKI, but not leptin or adiponectin concentrations. Energy intake was a significant predictor of fasting insulin and QUICKI (p<0.05), and showed a nonsignificant trend toward prediction of SBP (p=0.07). In addition, total protein intake was a predictor of fasting insulin and QUICKI (p<0.02) and total carbohydrate intake was a predictor of QUICKI (p<0.05), but not fasting insulin. Fasting leptin was predicted by intake of polyunsaturated fatty acids (PUFA) and by percentage of energy as protein (p<0.05), and there were nonsignificant trends for energy and fat intake as well as total carbohydrate and meat intake (p 0.08). None of the dietary variables were significant predictors of insulin, leptin, or QUICKI in overweight and obese children (data not shown). After adjusting for BMI-SDS, none of the dietary variables were significant predictors of DBP or MAP in all children (data not shown), with the exception of cereal and bread intakes, which predicted DBP (p=0.022). After adjusting for age, adiponectin was predicted by dairy product intake (p=0.043), and there were nonsignificant trends for percentage energy as carbohydrates (p=0.083) and mono-and disaccharides (p=0.077). Resistin concentrations were not predicted by any of the dietary variables (data not shown). Physical activity, in terms of time the children spent watching TV or playing computer games, did not influence any of the variables in Table 4 when included as a covariate.
Because of previous studies showing an association of sodium and calcium intakes with blood pressure in children [3, 14] , we calculated intakes of these micronutrients from the dietary records. Median (range) sodium intakes were 2.1 g (1.2 -4.9), 1.8 g (1.2 -4.9), and 2.4 g (1.6 -5.1) and meanAESD calcium intakes were 966.8 mg AE 302.6, 920.3 mg AE 207.7, and 889.4 mg AE 292.0, for normal weight, overweight, and obese children, respectively. For both micronutrients, intakes differed significantly between obese and overweight children (p<0.05). However, sodium and calcium intakes, after adjusting for BMI-SDS, were not significant predictors of SBP, DBP, or MAP.
Discussion
In this study, increasing adiposity and central distribution of body fat were significant predictors of blood pressure and markers of insulin resistance (IR) in 6-to 14-year-old Swiss children. These data are consistent with previous studies indicating that hypertension and hyperinsulinemia are correlated with overweight in children [3, 22] . Because elevated blood pressure during childhood increases risk for adult hypertension [2] , potential dietary determinants of blood pressure should be identified early in the disease, but the few pediatric studies have produced equivocal data [3] . In pediatric studies that [22] controlled for potential confounders (such as age, sex, or BMI), some have found significant positive associations between dietary sodium and blood pressure while others have not [14] . A recent study in Greek children also found no association between dietary sodium and SBP, but a positive association between dietary potassium and SPB as well as a negative association between dietary calcium and SBP [29] . In the present study, we did not detect a significant correlation between blood pressure and sodium or calcium intake. Studies of weight loss in children induced by caloric restriction and exercise [30] have suggested a correlation between reduced caloric intake, exercise, and blood pressure. In our sample, after controlling for BMI-SDS and physical activity, energy intake was not a significant predictor of blood pressure. Associations between macronutrient intake and blood pressure (BP) in children have been examined previously, with mixed results [31, 32] . In our sample, intakes of total fat, saturated fat, and monounsaturated fat were clear predictors of SBP but not DBP, while intake of PUFAs did not have a significant effect. To our knowledge, this is the first study to investigate links between resistin or adiponectin and BP in normal and overweight children. Although fasting insulin and leptin concentrations predicted SBP in our sample and %40 % of the overweight and obese children had elevated BP, resistin and adiponectin concentrations were not significant predictors of SBP, DBP, or MAP. The relationship between resistin, adiponectin, adiposity, and IR in humans is unclear [33] ; several studies in adults have found resistin or adiponectin concentrations predict IR [8, 9] , while others have not [34] . Our data do not support an association between resistin or adiponectin and weight status, leptin, or insulin concentrations, and agree with findings from previous studies in children [9, 35] . To our knowledge, ours is the first published study to investigate links between macronutrient intakes and resistin or adiponectin concentrations in children. In a previous study of older adolescents and young adults [15] , total energy and macronutrient intakes did not correlate with resistin concentrations. In our sample, there was no association of resistin or adiponectin concentrations with intakes of total energy or macronutrients, leptin or insulin concentrations, adiposity, or central distribution of body fat.
In adults, circulating leptin predictably rises after overfeeding [36] and falls after fasting [37] . However, whether specific macronutrients alter serum leptin concentrations independent of energy intake is equivocal. The association between fat and carbohydrate intakes and leptin concentrations in adults is unclear and few data in children are available on the dietary determinants of circulating leptin. One shows an association between leptin and the intake of macronutrients [15] while the other does not [16] . Our results are consistent with previous studies: although adiposity is a strong predictor of fasting leptin concentrations in children, there appears to be no strong association between macronutrient content of the diet and leptin. High dietary fat intake may increase IR independent of weight gain. Fatty acid composition of cell membranes can be influenced by the dietary fat intake, and a high proportion of membrane saturated fats may impair insulin action by altering insulin receptor binding/affinity, impairing translocation of glucose transporters and reducing ion permeability. Several studies in adults, including both lean and obese subjects, have found total fat intake and intake of saturated fat are significant positive predictors of fasting insulin, while intakes of dietary fiber and starch are negative predictors [12] . However, few studies have examined associations between dietary factors and insulin sensitivity in children, and they have focused on carbohydrate and not fat intake [13] . Our results indicate total energy, total fat, and saturated fat intake, as well as intake of milk products, are significant predictors of fasting insulin and QUICKI in normal weight children, independent of BMI-SDS. In contrast, in overweight and obese children, there were no significant associations between dietary variables and the markers of IR, possibly due to a stronger influence of fat mass and/or leptin in this group.
Studies in children on the early dietary determinants of insulin resistance and hypertension are valuable because they are not confounded by drug and dietary therapy for hypertension, diabetes, or vascular disease, or by smoking and alcohol consumption. However, observational studies cannot determine the direction of causality. Although our findings suggest high intakes of fat, and specifically, saturated fat, may increase insulin resistance and blood pressure in children, controlled interventional studies are needed to confirm these findings.
